INTRODUCTION
Metabolic syndrome (MS) is a cluster of conditions, including physical and biochemical abnormalities that are associated with an increased risk of cardiovascular complications and type 2 diabetes (1) (2) (3) (4) . An increase in the prevalence of MS due to modified socioenvironmental and behavioral changes has been recognized as a national public health problem, not only in Korea, but also worldwide (5, 6) . Central obesity is known as one of the main causes of insulin resistance and MS. Waist circumference and body mass index (BMI) are used as indicators of central obesity, and they are included in the diagnostic criteria for MS (1) (2) (3) (4) .
Abdominal fat CT is an optimal technique for the accurate assessment of abdominal fat, as well as the distribution of subcutaneous fat (SF) and visceral fat (VF) (7) . Waist circumference is an index that can increase, regardless of SF or VF accumulation, and these 2 types of fat have different physiological characteristics (8) (9) (10) (11) . Compared to SF, VF contributes to the development of MS and cardiovascular diseases. Although the exact molecular mechanisms are unclear, it could be due to the anatomical location and higher lipolytic characteristic of VF (10, 11) .
VF is located proximally to the portal venous system and it can lead to direct drainage of metabolites and free fatty acids into the liver, resulting in insulin resistance (10, 11) . Purpose: The purpose of this study was to investigate the relationship between abdominal fat as assessed by abdominal fat CT and metabolic syndrome (MS), especially in asymptomatic Korean individuals. Materials and Methods: Retrospectively, a medical record analysis was performed in a total of 111 patients with screening abdominal fat CT. The data such as visceral fat (VF), subcutaneous fat (SF) and VF/SF were elicited by abdominal fat CT, and we analyzed the relationship of VF, SF, and VF/SF with MS and cardiovascular risk factors. Results: In males, VF and SF had a positive correlation with many cardiovascular risk factors and MS, but VF was superior to SF. In females, VF, but not SF, had a positive correlation with some cardiovascular risk factors and MS. The cut-off values of VF and SF to predict MS, which were calculated by drawing receiver operating characteristic curves, were as follows: the cut-off value of VF in men: 136.50 cm 2 , the cutoff value of SF in men: 159.50 cm 2 , and the cut-off value of VF in women: 134.50 cm 2 .
Conclusion:
In conclusion, VF accumulation was the best predictor of MS and it had a positive correlation with cardiovascular risk factors in both sexes. SF also had a significant association with MS, especially in men, although it was not superior to VF. 
Index terms

MATERIALS AND METHODS
Subjects
Our retrospective study included 111 asymptomatic participants (15 females and 96 males) who visited our healthcare center from January 2014 to December 2015 for comprehensive health screening. All participants underwent unenhanced CT for measuring abdominal fat and had no existing cardiovascular disease and previous cardiovascular event. Our Institutional Review Board (IRB) approved this study, and from the outset of the study, the requirement for obtaining informed consent was waived because of the overall retrospective analysis. After at least 8 hours of fasting, fasting blood glucose, total cholesterol, triglyceride (TG), and high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) levels were checked using an auto-analyzer.
Clinical and Laboratory Measurements
Metabolic Syndrome
Various diagnostic criteria for MS have been proposed by different organizations (1-4). However, there is no internationally agreed definition of MS. We used the American Heart Association and the National Heart, Lung, and Blood Institute (AHA/ NHLBI) criteria for the diagnosis of MS (4) (Fig. 1B) , the outer line (Fig. 1C) of the abdominal muscles and the inner line (Fig. 1D) (Tables 2, 3 ).
In males, the areas of VF and SF, waist circumference and BMI were significantly higher in the MS group compared with the non-MS group (p < 0.001 for all correlations). The VF/SF ratio was higher in the MS group, but without any statistical significance. In females, only the area of VF was significantly higher in the MS group compared with the non-MS group (p = 0.048).
The area of SF, VF/SF ratio, waist circumference and BMI were higher in the MS group, but without any statistical significance (Table 4) .
To evaluate the usefulness of VF, SF and VF/SF as positive predictive factors of MS and to determine the cut-off values, we drew ROC curves and calculated the AUC of VF, SF and the VF/SF ratio, respectively (Table 5, Figs. 2, 3) . The cut-off value was set to the upper left point on the ROC curve, which maximizes both specificity and sensitivity. In males, the AUC of VF was 0.762 and the result was statistically significant (p < 0.001). The cut-off value of VF was 136.50 cm 2 , and we could assume that if VF was higher than 136.50 cm 2 , the male patient had a high probability of developing MS. The AUC of SF was 0.681 and the result was statistically significant (p < 0.01). The cut-off value of SF was 159.50 cm 2 , and we could assume that if SF was higher than 159.90 cm 2 , the male patient had a high probability of developing MS. The AUC of the VF/SF ratio was 0.601, which was not statistically significant. In females, the AUC of VF was 0.909 and the result was statistically significant (p < 0.05). The cut-off value of VF was 101.20 ± 34.10 Values are n (%) or mean ± standard deviation. BMI = body mass index, DBP = diastolic blood pressure, HDL = high-density lipoprotein, LDL = low-density lipoprotein, MS = metabolic syndrome, SBP = systolic blood pressure, SF = subcutaneous fat, VF = visceral fat 
DISCUSSION
The purpose of our study was to assess the cross-sectional cor- There are various definitions of MS, but central obesity is widely recognized as a key factor of MS (1-4) . Until now, waist 687 BMI = body mass index, DBP = diastolic blood pressure, HDL = high-density lipoprotein, LDL = low-density lipoprotein, MS = metabolic syndrome, SBP = systolic blood pressure, SF = subcutaneous fat, VF = visceral fat cause VF was consistently the best predictor in both sexes in our study. Additionally, in contrast with the results of the study by Kim et al. (14) , our results revealed that SF was a positive predictive indicator in men, but it was not superior to VF. There are some discrepancies between our study and other studies; however, our study is valuable as it was conducted in a Korean population. Also, further investigation should be performed to confirm the relationship between abdominal fat, especially SF, and MS.
To date, there have been some difficulties while trying to explain the results of abdominal fat CT to patients due to lack of specific cut-off values for positively predicting MS. We observed that VF could be evaluated as being useful for predicting MS in both sexes, while SF only affected males. Additionally, we calcu- for the respective case, we can assume that the male or female patient has a higher probability of developing MS.
However, there are limitations to our study. First, the overall study population was small, especially the female population.
Om comparing with the study by Kim et al. (15) , the cut-off value of VF for predicting MS in men was 136 cm 2 , which is very similar to that in our study. However, in women, the cut-off value of VF for predicting MS was 95 cm 2 , which is somewhat lower compared with that in our study. This discrepancy could be due to the small population of females; therefore, a large cohort study should be conducted to determine which findings were accurate. Second, it is not certain that our local population rep- 
